Introduction
The construction of families of polynuclear cluster compounds containing multiple paramagnetic metal centres and the understanding and development of the relationship between structure and magnetism (magneto-structural correlations) is an area of widespread interest. [1] In practice of course this is not a trivial task, even assuming that a large number of structurally-related compounds can be synthesised, crystallised and characterised, because the super-exchange mechanisms involved are influenced by many structural factors including, for example, the type of metal ion(s) (M) and bridging ligand(s) (L) employed, and the specific M À M and M À L distances and the M-L-M and M-L-L-M angles in the molecule. [1] Despite these obstacles such studies are extremely important because the ability to control and modulate the type and magnitude of magnetic exchange within a complex has enormous ramifications for materials science and nanotechnology.
[2] Seminal work in this field emerged shortly after the discovery of the apparent anomalous paramagnetism of "monomeric" copper acetate. [3] The molecular structure was proposed to be dimeric by Bleaney and Bowers in 1952 using EPR spectroscopy [4] and was later validated via single crystal X-ray diffraction. [5] These findings coincided with the rapid development of structure determination and soon led to the evolution of magneto-structural correlation studies within other dinuclear Cu II species. The first example of a quantitative relationship was developed by Hatfield and Hodgson in a large family of di-m-OH À bridged [Cu II 2 ] complexes, in which the magnetic exchange (J) was found to be governed by the magnitude of the Cu-OH-Cu angle.
[6] These observations were then followed by other studies on dimeric cupric complexes containing, for example, symmetric halide bridging ligands, [7] asymmetric mixed ligand combinations, [8] and a family of end-on azide-bridged complexes containing both ferro-and antiferromagnetically coupled siblings in which the magnetic exchange was very elegantly shown to depend on the Cu-N-Cu angle. [9] Thereafter, magneto-structural correlations were also attempted and established for (dimeric) complexes containing other first row transition metal ions such as Fe III , [10] Cr III , [11] Mn II[12] and Mn III . [13] Abstract: The synthesis and magnetic characterisation of a series of bis-m-alkoxide bridged Mn III dinuclear complexes of general formula [Mn III 
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Understanding the magneto-structural relationship in small compounds, such as dimers and trimers, is also an important step towards understanding the magnetic behaviour of large or very large polymetallic complexes, since the magnetic skeletons of the latter are often made up of the same basic building blocks. Recent trends in molecular magnetism have seen enormous growth in the synthesis of molecules containing tens, if not hundreds, of metal ions because of their potential application in, for example, information storage, magnetic refrigeration, quantum information processing and molecular spintronics. [14] Such compounds often possess very elaborate topologies comprising multiple M-L-M and/ or M-L-L-M exchange pathways that may not be accurately deciphered due to over parameterisation and/or computational limitations. [15] However, if the magnetic behaviour of the small building blocks that self-assemble to form the larger architecture are known and understood, the magnetic behaviour of the larger molecule can be more easily rationalised. Indeed the last few years have seen both qualitative and quantitative magneto-structural trends established for tri-, [16] tetra-, [15a, 17] hexa-, [18] and octanuclear [19] complexes of first row transition metals, as well as with mixed metal 3d-4f species. [20] In addition to experimental observations, theoretical methods based on density functional theory have become increasingly popular tools with which to compute magnetic exchange interactions and develop magneto-structural correlations. [21] Established theoretical protocols have provided excellent numerical estimates of J values and of the underlying electronic structure. One major advantage of the theoretical approach is that magneto-structural correlations for a particular structure type can be developed on simplified model complexes in which structural parameters can be modified in a methodical manner, offering insights into the effect of one particular structural change at a time on the sign and magnitude of J.
Due to its large single ion anisotropy the Jahn-Teller distorted Mn III ion is often the metal of choice for the synthesis of Single-Molecule Magnets (SMMs), an important class of compounds with potential application in information storage. [14, 22] To build such molecules it is preferable to have strong ferromagnetic exchange between neighbouring Mn centres and as such knowledge of what controls the pairwise magnetic exchange is vital. A literature search reveals however that the majority of di-and polynuclear Mn III complexes exhibit, with few exceptions, [46, 47] very weak ferro-or antiferromagnetic exchange interactions and that the parameters that control the magnitude and sign of J have not been clearly established -even for simple Mn  III dimers. The bisalkoxo bridged dinuclear Mn  III compounds reported in the  literature to date are collected in Tables 2, Table 3 and  Table 4 , and have J values (based on the À2JS i ·S j formalism) ranging from À15.5 cm À1 to + 19.7 cm À1 . Herein, we describe the synthesis and magnetic characterization of a new family of bis-m-alkoxide bridged Mn III dinuclear complexes of gen-
(where R = Me, Et; H 2 biphen = 2,2-biphenol and L = terminally bonded N-donor ligand) and establish a magneto-structural correlation for all known bis-alkoxo bridged dinuclear Mn III compounds using a combined experimental and theoretical study.
Results and Discussion
All significant bond distances and angles along with single crystal X-ray diffraction data for complexes 1-5 are given in Table 1 and S1 in the Supporting Information, respectively. Structural parameters pertinent to our correlation studies are given in Table 2, Table 3 and Table 4 . The first member of this family is [Mn [23] and NaOH in alcohol. Complex 1 (Figure 1 ) crystallizes in the triclinic P1 space group with an asymmetric unit composed of one dinuclear molecule. The two six-coordinate Mn III ions, which lie about an inversion centre (Mn1 and symmetry equivalent (s.e.)), are bridged via two m-OMe anions with a Mn1-O1-Mn1' angle of 103.668 and Mn1···Mn1' distance of 3.071 . Each Mn III cation is ligated by two oxygen atoms from a chelating, doubly deprotonated 2,2'-biphenolate ligand. The six coordinate distorted octahedral geometries of each metal ion are completed by two terminal methanol molecules which bond on the Jahn-Teller axes at distances of 2.37 (Mn1 À O4) and 2.27 (Mn1 À O5). The oxidation state of the Mn III was confirmed through bond length and charge balance considerations and BVS calculations (as were all others described in this work).
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, respectively. Complexes 2 and 3 ( Figure 1 and Figure 2 ) crystallize in the monoclinic space groups P2 1 /c and C 2 /c respectively and share many structural similarities with complex 1. [24] presumably due to the steric effects of the rather twisted biphenoxide ligands (Figure 1 ). The Mn1 À N1 and Mn1 À N2 bond lengths in 2 are 2.322 and 2.420 respectively, while the MnÀN3 distance is slightly shorter, at a value of 2.207 . The steric constraints present in 2 give rise to a puckering of the {Mn In complex 3 ( Figure 2 ) both Mn III ions are five coordinate and adopt square-based pyramidal geometry (t = 0.02), with one 3-picoline ligand coordinated to each metal centre at a distance of 2.198 (Mn1 À N1). This change in metal coordination number is presumably due to the presence of the bulkier 3-picoline ligand (Figure 2 ). This is also true for [Mn Magnetic susceptibility measurements: Magnetic susceptibility measurements on complexes 1-5 were carried out in the 300-5 K temperature range in an applied field of 0.1 T (Figure 3 ). The room temperature c m T&&change to c M T to match graphics?&& products for 1-5 lie in the 4.03-4.55 cm 3 mol À1 K range and are significantly lower than the expected value for two non-interacting Mn III ions of 6.00 cm 3 mol À1 K, assuming g = 2.00. This is an indication of antiferromagnetic exchange between the metal centres, as supported by the uniform drop in c m T&& on decreasing temperature. In each case, the T = 5 K value is close to zero. Fitting of these data with a simple 1 J isotropic Hamiltonian (Ĥ = À2JŜ 1 ·Ŝ 1' ) affords the best fit parameters documented in Table 2 and represented by the solid red lines in Figure 3 and S4 in the Supporting Information. The J values span the small range of À10.5 cm À1 (in 4) to À14.3 cm À1 (in 3). To put these results into context we have compared the structural and magnetic properties of 1-5 to those of all known m-OR bridged [Mn Table 2 . See the Supporting Information for the magnetic susceptibility plots of complexes 1-3 and 5. 
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2.00 À10. 1  1  2  2  3  3  4  4  5  5  6  6  7  7  8  8  9  9  10  10  11  11  12  12  13  13  14  14  15  15  16  16  17  17  18  18  19  19  20  20  21  21  22  22  23  23  24  24  25  25  26  26  27  27  28  28  29  29  30  30  31  31  32  32  33  33  34  34  35  35  36  36  37  37  38  38  39  39  40  40  41  41  42  42  43  43  44  44  45  45  46  46  47  47  48  48  49  49  50  50  51  51  52  52  53  53  54  54  55  55  56  56  57  57 ture. Each compound may be grouped into one of three distinct categories (see type I-III in Figure 4 )&&ok?&& based on the orientation of the JahnTeller axes, using an approach proposed by Tuchagues and co-workers in 1995. [43] Each of these three families can be categorized by noting the relative orientation of their associated Jahn-Teller axes with respect to one another as well as their orientation with respect to the m-OR bridging plane (Figure 4 ). These classifications are reported in Table 2, Table 3 and Table 4 along with their associated magnetic spin Hamiltonian parameters (J-and gvalues; ground spin state S), and all structural parameters which may have a significant bearing on their resultant magnetic properties. These parameters were then utilised in our subsequent magneto-correlation studies (see above). . [28, 30] . [51] Type II: This is the most common conformation exhibited by alkoxide bridged dinuclear Mn III complexes. Here, the Jahn-Teller axes of the Mn III ions are parallel to one another as well as being parallel to the bridging m-OR plane (Figure 4 ). The MnÀOR bonds in these types of complexes are thus elongated and as a result the extent of orbital overlaps amongst d-based orbitals appears to be altered. Indeed this may explain the magnetic coupling observed within these species as they exhibit magnetic exchange parameters which lie on the ferro$antiferromagnetic interface. For instance, J values ranging from the weakly antiferromagnetic
where L = N-(acetylacetonylidene)-N'-a-methylsalicylidene, [43] to weakly fer-
where H 2 salen = N,N'-bis(salicylideneaminoato)ethylene) [34] have been observed (Table 3) .
Type III: Here the Jahn-Teller axes of the metal ions are perpendicular to one another: one lying parallel to the bridging plane, the other perpendicular to it (Figure 4 ). Just two alkoxide bridged [Mn III 2 ] complexes exhibiting this conformation exist&&"have been reported", better?&& to date. Furthermore both complexes exhibit relatively strong ferromagnetic coupling, proposed due to the non-colinearity of their respective elongated axes. [49, 50] The rarity of these compounds is perhaps due to the low level of symmetry this conformation requires, with the complexes possessing different ligands at each of their two Mn III centres (Table 4 ). Since only the orientation between the two planes differs in the three types, we have defined a dihedral plane between the two Jahn-Teller axes which emerges as the key structural factor governing the differences in magnetic behaviour between types I-III and this parameter clearly defines the three categories of structures noted above. The collected experimental structures are plotted in Figure 5 as J versus dihedral plane. The way the dihedral angle has been measured within the dihedral plane is shown in Figure 5 (solid blue lines). As per our classification, all three types can be clearly distinguished. This is not true for any other structural parameters such as short/long MnÀO distances (where a scattered picture emerges). Accordingly, type I structures have dihedral planes < 108, type II structures fall into the 152-1808 range and type III structures (where a strong ferromagnetic exchange has been observed) fall in the middle ground with the dihedral angles of 81.9 and 117.18 for the two structures reported ( Figure 5 ).
As is apparent from Table 2, Table 3 , Table 4 and Figure 5 the magnitude of the exchange interaction J varies across the three types I-III. To understand in detail the difference in sign and magnitude of J observed among these structures and also to develop magneto-structural correlations based on other structural parameters, an extensive theoretical study based on density functional methods has been undertaken.
Theoretical studies: To explain the variation in magnetic behaviour between the three types of complexes presented here, we have carried out DFT calculations on selected structures from type I (1, 4 and 5) type II (II-1, II-2) and type III (III-1, III-2). The computed J values are given in Table 2, Table 3 and Table 4 . As is evident from the presented data the J values calculated are in good agreement with the experimentally reported values for these complexes. In fact, apart from complex III-2, excellent agreement in terms of the sign and magnitude of J has been observed in all the computed cases. The chosen method and the theoretical level are also able to effectively reproduce the magnitude These are not the final page numbers! ÞÞ 5   1  1  2  2  3  3  4  4  5  5  6  6  7  7  8  8  9  9  10  10  11  11  12  12  13  13  14  14  15  15  16  16  17  17  18  18  19  19  20  20  21  21  22  22  23  23  24  24  25  25  26  26  27  27  28  28  29  29  30  30  31  31  32  32  33  33  34  34  35  35  36  36  37  37  38  38  39  39  40  40  41  41  42  42  43  43  44  44  45  45  46  46  47  47  48  48  49  49  50  50  51  51  52  52  53  53  54  54  55  55  56  56  57 57
and values of J even in borderline cases where the J values are less than 1 cm
À1
. To probe the electronic origin of the differences between the three types, a spin density plot has been computed for one structure from each type (1, II-2 and III-2), as shown in Figure 6 . The computed spin density of the metal atoms and the atoms which are coordinated to Mn III for complexes 1, II-2 and III-2 are listed in Table 5 . The modulus of the spin densities on each manganese atom is calculated to be > 3.7 in all three types, indicating that the magnetic orbitals are centred on the metals and that there is some unpaired spin density on the ligands. Generally, when the unpaired electrons are located in a metal p-type orbital (e.g., t 2g ) spin polarization is expected to dominate, while if it is in a s-type orbital a spin delocalization mechanism is expected to predominate. However this also then depends on the nature of the donor atoms.
[15d] For Mn III ions, since the unpaired electrons are located in three t 2g -like orbitals and in the d z 2 orbital of the e g set, a mechanism encompassing a mixture of spin delocalization and spin polarization is expected. As the Jahn-Teller axis coincides with the d z 2 orbital direction, the ligand atoms which are coordinated via the Jahn-Teller axis are expected to have the positive spin density as here the spin delocalization will be predominant. In other directions, a mechanism comprising a mixture of spin delocalization and spin polarization is found, leading to either positive or negative spin densities on the donor atoms. In all three cases (1, II-2 and III-2) the super-exchange propagates through the two bridging m-alkoxo groups and the spin den- Table 3 . Selected magneto-structural parameters for type II Mn III dinuclear complexes discussed in this work and elsewhere. Magnetic data is reported in the Ĥ = À2JŜ 1 ·Ŝ 1' formalism.
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C H T U N G T R E N N U N G [42a] A C H T U N G T R E N N U N G [Mn 2 A C H T U N G T R E N N U N G (naphtmen) 2 A C H T U N G T R E N N U N G (H 2 O) 2 ]A C H T U N G T R E N N U N G (ClO
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2.02 0.42 -3.429 100.58 0 180 2.241
2.00 0.58 -3.433 98.54 0 180 2.246
2.00 À0.20 -3.425 101.23 0 180 2.202 
45] A C H T U N G T R E N N U N G [Mn 2 A C H T U N G T R E N N U N G
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2.00 À0.79 -3.374 102.14 0 180 2.159 [48] [a] Average values.&&ok?&& Table 4 . Selected magneto-and structural parameters for type III Mn III dinuclear complexes discussed in this work and elsewhere. Magnetic data is reported in the Ĥ = À2JŜ 1·Ŝ 1' formalism.
Ref. 1  1  2  2  3  3  4  4  5  5  6  6  7  7  8  8  9  9  10  10  11  11  12  12  13  13  14  14  15  15  16  16  17  17  18  18  19  19  20  20  21  21  22  22  23  23  24  24  25  25  26  26  27  27  28  28  29  29  30  30  31  31  32  32  33  33  34  34  35  35  36  36  37  37  38  38  39  39  40  40  41  41  42  42  43  43  44  44  45  45  46  46  47  47  48  48  49  49  50  50  51  51  52  52  53  53  54  54  55  55  56  56  57  57 sity on these bridging oxygen atoms is expected to influence the sign and magnitude of the J values. For type I structures, both m-oxygen atoms have a very small positive spin density indicating that both the spin polarization and delocalization mechanisms compete, leading to very small spin densities on both oxygen atoms. In type II structures, since the Jahn-Teller axis is along the m-O-atoms, a predominant spin delocalization from one of the Mn atoms and a mixture from the second Mn atom is expected, leading to a significant increase in the spin density compared to type I structures. In type III structures, since the Jahn-Teller axes are perpendicular, behaviour lying in-between that of type I and type II is observed, where one of the oxygen atoms (O23) has significant spin density, while the other (O24) has negligible spin density. These differences in the mechanism and differing magnitude of spin densities on the m-alkoxo group is expected to be exemplified in the computed exchange interaction (Figure 6 ).
A C H T U N G T R E N N U N G [Mn 2 A C H T U N G T R E N N U N G (OMe) 2 (L)A C H T U N G T R E N N U N G (MeOH)]A C H T U N G T R E N N U N G
[15d]
Orbital analysis: To probe the electronic origin further, molecular orbital (MO)&&ok?&& analysis has been performed on complexes 1, II-2 and III-2. The DFT KohnSham orbitals are very useful for qualitatively analysing the J values, and for providing some insight into the coupling mechanism. The qualitative model of Kahn-Briat [52] takes into consideration the overlap between the non-orthogonal magnetic orbitals and relates it to the J values. Even though types I -III differ in their net J values, the net exchange interactions have contributions from both the antiferromagnetic (J AF ) and ferromagnetic (J F ) parts. The computed overlap integral between the singly occupied orbitals is directly proportional to J AF . It has been noted in several instances that the so-called cross-interaction between the empty d x 2 -y 2 orbitals and the singly occupied orbitals leads to ferromagnetic interactions and this has been qualitatively studied to rationalize the weak interactions observed in Mn III dimers in general. [53] We have decided to compute the overlap integral for this pair, since its magnitude is expected to reveal the strength of the "cross-interaction" that exists in this molecule and thus can be translated as the contribution to J F . The d-based orbitals of the alpha set for types I-III are shown in Figure 7 . The results of the overlap integral calculation are summarized in the computed energy level diagram of Figure 8 . A double-headed arrow connecting the alpha and beta sets indicates a significant overlap between the two orbitals (the grey arrows indicate significant crossinteraction)&&ok?&&. As is evident from the graph, type I structures have significant overlap with SOMOs but These are not the final page numbers! ÞÞ 7   1  1  2  2  3  3  4  4  5  5  6  6  7  7  8  8  9  9  10  10  11  11  12  12  13  13  14  14  15  15  16  16  17  17  18  18  19  19  20  20  21  21  22  22  23  23  24  24  25  25  26  26  27  27  28  28  29  29  30  30  31  31  32  32  33  33  34  34  35  35  36  36  37  37  38  38  39  39  40  40  41  41  42  42  43  43  44  44  45  45  46  46  47  47  48  48  49  49  50  50  51  51  52  52  53  53  54  54  55  55  56  56  57  57 do not have any significant interaction with the d x 2 -y 2 orbitals leading to a decrease in the J F contribution (See Tables  S3-S7 in the Supporting Information for the complete list of computed overlap integrals). Among others, the Figure 7 . A stronger J F and weaker J AF leads to relatively strong net ferromagnetic exchange.
As mentioned before, the differences in the magnitude and the sign of J arise due to the difference in the orientation of the d z 2 orbital -which coincides with the Jahn-Teller axis. On several occasions the Jahn-Teller orientation has been evoked to explain the reduction in the cluster anisotropy and here for the first time with quantitative calculations and qualitative analysis, we provide direct evidence that the JT orientation is important in determining the sign as well as magnitude of the coupling in Mn III dimers. A perpendicular alignment of the JT axes for the dinuclear unit is expected to exhibit a relatively strong ferromagnetic interaction. However we point out that this orientation is also likely to lead to a decrease in the cluster anisotropy, an important parameter to consider when designing molecular nanomagnets.
Since all of the complexes in this study possess different terminal ligands we then sought to determine the effect of a change in the nature of the terminal ligands on the J values. Thus we have modelled two complexes (&labelled a and b&ok to remove this as these complexes are not shown or discussed further?&&), where the terminal ligands of complexes 1 and III-2 were interchanged. This gives J = À8.4 cm À1 and + 21.6 cm À1 compared to À10.2 cm À1 and + 9.8 cm À1 for their original complexes, respectively. This clearly indicates that the terminal ligands have negligible contribution to the exchange coupling constant.
Magneto-structural correlations: Although the experimental studies and the theoretical analysis presented in this work strongly suggest that the orientation of the Jahn-Teller axis is the most important parameter in controlling J across the three types presented, within a particular type other structural parameters are expected to influence the final observed J value. Indeed, to our knowledge, no theoretical correlations have been developed for this topology to under- Chem. Eur. J. 0000, 00, 0 -0 ÝÝ These are not the final page numbers! 8   1  1  2  2  3  3  4  4  5  5  6  6  7  7  8  8  9  9  10  10  11  11  12  12  13  13  14  14  15  15  16  16  17  17  18  18  19  19  20  20  21  21  22  22  23  23  24  24  25  25  26  26  27  27  28  28  29  29  30  30  31  31  32  32  33  33  34  34  35  35  36  36  37  37  38  38  39  39  40  40  41  41  42  42  43  43  44  44  45  45  46  46  47  47  48  48  49  49  50  50  51  51  52  52  53  53  54  54  55  55  56  56  57  57 stand the unique structural features that are expected to affect the resultant J values. Here we have thus decided to develop correlations for a type I structure in the shape of our own complex 1 (Figure 1 ). There are four structural parameters deemed vital in influencing and determining the J value: Mn-O-Mn angle, Mn-O distance, Mn-O-Mn-O dihedral angle and the out-of-plane shift of the alkyl group (m-OR) of the compound in question (described by t). The developed correlations for these four parameters are given in Figure 9 . The experimental parameters listed in Table 2 along with the experimental J have also been plotted along with the computed points (solid squares). For the data obtained from the experimental structure, the three types I-III are distinguished in different colours.
Bond angle: By varying the average Mn-O-Mn angle from 80.18 to 119.88, a correlation has been developed for J and its value varies exponentially, as represented in Figure 9 . The J parameter decreases and become less antiferromagnetic upon increasing Mn-O-Mn angle. At an acute angle, relatively strong antiferromagnetic exchange has been encountered with the steep increase in negative J due to significant overlap of the d xy orbital with other orbitals, as evidenced from the overlap integral values (Table S3 in the Supporting Information). Since the Mn-O-Mn angle decreases with a decrease in the Mn···Mn distance, this effect is somewhat expected. However at large angles, an overall drop in the overlap values is detected and this leads to smaller negative J values. There is no switch from antiferromagnetic to ferromagnetic and this is essentially due to negligibly small cross-interactions at all the computed angles. The experimental type I data points lie within the computed points, revealing that this is a rather reliable parameter. As expected, type II and type III structures deviate from the computed data and this once again suggests that the JT orientation is more important than any other structural parameter.
Bond distance: The second correlation is carried out by varying the average Mn À O distances from 1.853 to 2.403 . This parameter also exhibits an exponential relationship ( Figure 9 ) whereby the J value steadily decreases (becomes less antiferromagnetic) with increasing average distance. Moreover as the MnÀO distance passes a value of 2.103 , the interaction becomes ferromagnetic. This is because as the MnÀO distance increases, the type I structure will be converted into other types (II and III for example) and this leads to significant increase in cross interaction and a pre- 1  1  2  2  3  3  4  4  5  5  6  6  7  7  8  8  9  9  10  10  11  11  12  12  13  13  14  14  15  15  16  16  17  17  18  18  19  19  20  20  21  21  22  22  23  23  24  24  25  25  26  26  27  27  28  28  29  29  30  30  31  31  32  32  33  33  34  34  35  35  36  36  37  37  38  38  39  39  40  40  41  41  42  42  43  43  44  44  45  45  46  46  47  47  48  48  49  49  50  50  51  51  52  52  53  53  54  54  55  55  56  56  57 57 dominant ferromagnetic exchange. The experimental data points fit with the type I structures at shorter Mn À O distances and type II structures at longer Mn À O distances.
Dihedral angle: The Mn-O-Mn-O dihedral angle in 1 is varied from 0 to 35.48 to obtain the third correlation. The plot of dihedral angle versus J is shown in Figure 9 . Only a small variation in J is detected and the complex becomes less ferromagnetic as the dihedral angle increases. This is as a result of the reduction in the d z 2 -d z 2 overlap. Here the experimental data points are rather scattered, suggesting that this parameter may not be particularly significant.
Out-of-plane displacement of methyl groups (t):
The fourth correlation analysis involved monitoring J when the out-ofplane displacement parameter (t) of the bridging methyl O atoms was manipulated in the 68 to 508 range. The t versus J plot ( Figure 9 ) shows a linear relationship. As in the case of the dihedral correlation, an increase in the outof plane displacement of the methyl group also leads to less antiferromagnetic J values, due to a reduction in overlap between the singly occupied orbitals of the Mn III ions (Table  S7 in the Supporting Information).
Conclusion
Based on the structural variation observed among the reported Mn III dimeric structures having two alkoxide-bridges, a unique structural feature which distinguishes the type of magnetic interaction observed is proposed. This parameter, based on the orientation of the Jahn-Teller axes of the two Mn III atoms, sharply categories three different types of dimers where type I represent moderately strong antiferromagnetic exchange, type III structures exhibit moderately strong ferromagnetic interactions and type II structures are classified as borderline where a weak ferro-or antiferromagnetic interaction is detected. These three types of classification are supplemented with the synthesis and characterisation of a new family of alkoxide-bridged Mn III 
(where R = Me, Et; H 2 biphen = 2,2-biphenol and L = terminally bonded N-donor ligand). All five structures reported here belong to type I and help us to extended the database to validate the proposed correlations. Additionally, a detailed computational study on all three types was undertaken to probe the electronic origin of the differences in the magnetic behaviour observed. Our computations reveal that the magnetic exchange interaction has two contributions, J AF and J F , with the J F contribution arising due to the cross interaction between the SOMOs and the unoccupied d orbitals. The strength of J F is vital as it determines the sign and magnitude of the J observed in all three types. However the strength of J F is related to the orientation of the d z 2 orbitals in a particular structure. Since the orientation of the d z 2 orbital is related to the Jahn-Teller elongation, our study reveals that a perpendicular orientation of the d z 2 orbitals enhances J F significantly, leading to a strong ferromagnetic interaction (type III). A parallel orientation of the two Jahn-Teller axes which lie in the bridging plane is found to be a border line case (type II). If these axes do not form the m-alkoxide bridges, then a moderately strong antiferromagnetic interaction is encountered (type I). The electronic origins of these differences were traced back to the orbital overlaps and this has been quantitatively analysed using overlap integral computation.
In the field of molecular magnetism a strong ferromagnetic interaction is a highly sought-after parameter as the ferromagnetic interaction maximizes the ground state S value and its strength helps to promote an isolated ground state. Although a plethora of SMMs comprising Mn III ions have been reported, there have been no extensive studies undertaken to pinpoint the unique structural features which would yield this highly sought-after parameter. The combined experimental and theoretical study undertaken here reveals that the orientation of Jahn-Teller axes plays an important role in the magnetic coupling, with a perpendicular orientation leading to a strong ferromagnetic exchange. However, it is well known that a perpendicular orientation of Jahn-Teller axes leads to a decrease in the anisotropy of the cluster, which is an important parameter in designing molecular nanomagnets. Our study therefore suggests that large anisotropy and a strong ferromagnetic interaction are unlikely to coexist in Mn III clusters containing only [MnA C H T U N G T R E N N U N G (m-OR)] 2 building blocks.
Experimental Section
Physical measurements: Infrared spectra were recorded on a PerkinElmer FT-IR Spectrum One spectrometer equipped with a Universal ATR Sampling accessory (NUI Galway). Elemental analysis detailed was carried out by Marion Vignoles of the School of Chemistry microanalysis service at NUI Galway. Variable-temperature, solid-state direct current (dc) magnetic susceptibility data down to 1.8 K were collected on a Quantum Design MPMS-XL SQUID magnetometer equipped with a 7 T dc magnet (University of Edinburgh). Diamagnetic corrections were applied to the observed paramagnetic susceptibilities using Pascals constants.
X-Ray crystallography:
The structures of 1-5 were collected on an Xcalibur S single crystal diffractometer (Oxford Diffraction) using an enhanced Mo source. Each data reduction was carried out on the CrysAlisPro software package. For more detailed refinement information please consult the ESI. Full details can also be found in the CIF files: CCDC-843730 (1), CCDC-843731 (2), CCDC-843732 (3), CCDC-843733 (4), CCDC-843849 (5), contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_re-quest/cif.&&ok?&& Computational details: All calculations were performed using the hybrid B3LYP54 functional with Alhrich [54] triple-z basis set as implemented in the Gaussian 09 [55] suite of programs. The J values were computed from the energy differences between the high spin (EHS) state calculated using single determinant wave functions, and the low spin (EBS) state determined using the Broken Symmetry (BS) approach developed by Noodleman. [56] Negative and positive values for J correspond to antiferromagnetic and ferromagnetic interactions, respectively. Details of the computational method employed to compute the exchange interaction is discussed elsewhere . 1  1  2  2  3  3  4  4  5  5  6  6  7  7  8  8  9  9  10  10  11  11  12  12  13  13  14  14  15  15  16  16  17  17  18  18  19  19  20  20  21  21  22  22  23  23  24  24  25  25  26  26  27  27  28  28  29  29  30  30  31  31  32  32  33  33  34  34  35  35  36  36  37  37  38  38  39  39  40  40  41  41  42  42  43  43  44  44  45  45  46  46  47  47  48  48  49  49  50  50  51  51  52  52  53  53  54  54  55  55  56  56  57 57
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